Many factors enter into the determination of the energy/GNP ratio. Among these are energy costs relative to other costs, government policies including taxes, subsidies, and regulations, and demographic and cultural variables. One meaningful measure of the effect of energy prices on consumption is the price elasticity of demand, defined as the ratio of the percentage change in demand to the percentage change in price, other factors being held constant. A study of the long-term elasticity for electricity in the United States, for example, gave values of-1.2 for residential use, -1.8 for industrial use, and -1.4 for commercial use (12) . Recent studies indicate that the long-term elasticity for gasoline may be as great as -0.75 (13) . The long-run effects of energy prices can be seen qualitatively in Fig. 1 . The high energy/GNP countries are those that historically have had cheap energy (relative to other goods and services); the United States, Canada, Great Britain, and Norway are examples. The countries with lower energy/GNP ratios are those that have been relatively fuel-poor, especially since World War II. Although Sweden, for example, has had abundant hydropower, the country has been increasingly dependent on imported petroleum, particularly for nonelectric uses. Consequently, electricity has been inexpensive relative to fuel, with both price and per capita consumption very similar to that in the United States. Motor fuels, on the other hand, have been taxed heavily in Sweden, and per capita consumption of these refined petroleum products has been far below U.S. consumption. Similar taxes have been the rule in other oil-poor countries. Although oil for home heating has been relatively inexpensive in Sweden (comparable to U.S. oil prices) the large amounts demanded for long winter heating seasons acted in place of higher prices to stimulate conservation efforts (14) (15) (16) (17) (18) ).
Sweden's energy/GNP ratio was rising during the 1960's, probably because of 1001 er, could reduce energy consumption 25 to 40 percent (3-5), while lowering pollution, reducing capital requirements for energy production, and generally raising employment. But the interrelationships among economic inputs (including energy) within an economy are complex. Thus, examination of an economy that is similar to ours but requires substantially less energy than our own may provide guidance in understanding the total effect of energy conservation.
Interest in energy use and conservation has stimulated a number of international comparisons (6, 7) , as well as new evaluations of data from single countries (8, 9). A preliminary study concerned with a number of countries showed some of the differences reported here, but no conclusions were drawn (10) . In a study of the United States and West Germany (11) comparisons were developed further, and methods for conserving energy in the United States were discussed; the conclusions reached are in qualitative agreement with those in this article. Two other comparisons of U.S. and Swedish energy consumption have been undertaken (6, 7), and we have been able to compare our data with theirs. Although there are many small discrepancies in data from different sources, in no cases are these discrepancies large enough to change our general conclusions. Fig. 1 . The energy/GNP ratio for several countries over time, with hydroelectric power counted at 3 kwht/kwhe. From Linden (1) . For a discussion of units, see (2) . changes in life-style similar to those which had taken place in the United States a decade or two earlier. These changes include greater living space and gasoline use per capita. The ratio has since stabilized and then fallen in the period of high energy prices after the oil embargo, as has the ratio in most other countries. The United Kingdom and West Germany had a falling energy/GNP ratio during the 1950's and early 1960's, probably due to a shift away from coal, which was their main cheap source of fuel, to more expensive substitutes.
One factor that can be important in determining the energy/GNP relationship is the relative industrialization or type of industry in a country. Certain products are particularly energy-intensive, including steel, aluminum, cement, paper, and plastics. The effect of changing the output mix is most notice- 100 93
Freezers (percent of households) 28 
46
Clothes washers (percent of households) 76 41 Vacuum cleaners (percent of households) 88 89 In Table 1 we compare physical characteristics, economic activity, and various measures of well-being in the United States and Sweden (22) (23) (24) . Although the populations differ by a factor of 25, the population densities are similar, as is the distribution into densely populated urban centers and sparsely populated rural regions. Movement to the suburbs, fostered by the automobile, started earlier and is more advanced in the United States, although there are signs of such a trend in Sweden (25, 26 3 DECEMBER 1976 weighted by population distribution, is close to 9200 in Sweden, comparable to the value in North Dakota, whereas the weighted U.S. average is approximately 5500 degree-days (27). (37, 38) , and a load factor of 1.9, which we adopt, is assumed in (42 
Comparison of Energy Use
In Table 2 (33, (36) (37) (38) (39) (40) (41) (42) .
Major differences exist in all modes. In addition to the striking differences in automobile D', E', and T, we note that Swedish passenger transportation is more heavily concentrated in rail (;ncluding subway) and bus modes, at the expense of the automobile and the airplane. All Swedish E'j's are lower than the corresponding U.S. values. This is due in part to higher load factors and the extensive use of air and bus charters.
In Table 4 we consider the automobile in more detail (37, 38, 40, (42) (43) (44) (45) (46) It has been noted (25, 26 ) that the use of alternatives to the automobile in Sweden has gradually eroded. Nevertheless, the automobile's share of all passenger miles has stabilized at 82 percent in Sweden (33); the U.S. figure is 92 percent (38) . The availability and use of mass transportation in local and long-distance travel is an important factor in the optimization of the use of the auto discussed above (25, 26 (23, 48) . Automobile excise taxes and yearly fees rise in proportion to vehicle weight according to the formula shown in Fig. 3 . These fuel and weight taxes influence owners to purchase light cars, as the small proportion of cars heavier than 1700 kg (the U.S. average) shows (Fig. 2) The average car in Sweden has a lifetime of about 14 years compared to a U.S. average of less than 10 years. Nontax disincentives have also been employed to discourage use of automobile transit in Sweden. In Stockholm there is no 24-hour free street parking in the greater downtown area, and parking fines begin at $12.50. Both Stockholm and Gothenburg have set up systems of barriers, one-way streets, mass transitonly lanes or passageways, and pedestrian-only streets that further discourage use of cars.
For freight transport, as shown in Table 5 , the largest difference in per capita energy use is associated with distances through which goods are moved (16, 30, 30b, 39, 40) . A lesser, though still important, factor is the energy intensity of freight movement. Although a complete study of efficiency is yet to be made, some important factors can be identified. Long-haul trucks are more energy-int'ensive in Sweden than in the United States, but short-haul freight is much less energy-intensive. Small station wagons and four-cylinder microbuses or diesel minitrucks are used extensively for short hauls in Sweden, in contrast to the heavier pickup or panel trucks used in the United States, so that mode and vehicle are more closely matched to the demands of the task. Much of the difference in freight miles would be accounted for by shipments (16) . It is also difficult to credit passenger miles when foreign visitors travel to or within a country. Because of these uncertainties, we have refrained from drawing conclusions from the great differences in E' for air passenger travel in Table 3 .
Residential and commercial energy use. A comparison of energy use in the residential and commercial sectors is given in Table 6 (3, 16, 30b, 41, 49-Sib). Although the per capita consumption is significantly lower in most categories, a full appreciation of the differences is only obtained by examining the D'j's and E'j's separately. Space heating, consuming more than one-half of the total residential energy (Table 7) , shows very large differences in efficiency when account is taken of the differing climates and the actual energy use per unit area of residential or commercial space. The larger number of degree-days in Sweden is compensated for by considerably lower heating intensity (kilowatt-hours per square meter per degree-day). A study of insulation in Swedish homes and apartments showed that heat loss through walls declined steadily to a typical U value of 0.06 British thermal unit per hour per square foot per degree Fahrenheit (16) . One can almost guess the year of construction of a residence in Sweden by the U values, the scatter from the average value for any year of building being very low (16) . This indicates that factors such as building codes have acted to permit only energyefficient (and economic) construction in housing (52) . In contrast, U values in the United States have been set mainly by a weak Federal Housing Administration (FHA) minimum property standard, which before 1971 was 0.12 Btu hour-' ft-2 0F-1 for ceilings and 0.19 for walls (50) . The factor of 2 difference between U.S. and Swedish U values is nearly equal to the average ratio of heating intensities. Swedish houses also have correspondingly less infiltration and heat loss through glass because of the use of double glazing (17) .
Although the lower heat loss in Swedish houses is in part a response to the more severe climate, this is not the primary reason, as seen by comparing heating intensities in terms of degree-days in various regions in the United States and Sweden ( 3 DECEMBER 1976 9,600 and 11,500 kwht. Much of the hot water in Sweden is prepared in centralized systems, eliminating some of the losses typical ofAmerican single-unit water heaters. On the other hand, the larger systems are not easily metered individually; in studies of energy use in apartments in Sweden (16, 41) it was noted that occupants paying individually for heat, hot water, and electricity use at least 15 percent less than those paying indirectly by sharing the cost in the rent.
An important mechanism for supplying space heat in Sweden is district heating, in which central stations either produce heat alone, or cogenerate heat and electricity. District heating supplies 19 percent of the total residential heat needs in Sweden (16 Swedish industries use more electricity as a fraction of industrial energy consumption, or as a fraction of all electricity used in the whole economy, than their American counterparts. This effect can be understood by noting that historically nearly all of Sweden's electricity has been generated from hydropower, the predominant domestic energy resource; industries could be expected to utilize this resource, which has been less costly than steam-based electricity. Since electricity prices are similar, we attribute the higher electric intensity of Swedish industry to the lower ratio of the price of electricity to the price of fuels, as compared to that in the United States, where most electricity is steambased. These costs and the quantities used are summarized in Table 11 .
Other The relatively more modern equipment in Swedish industry-Sweden's capital stock has grown significantly faster than ours as the Swedish GNP approached ours-certainly contributes to the higher efficiency. Both U.S. and Swedish industry have improved energy efficiency through technological change since World War II, in spite of generally falling energy prices (56) (and are) "interruptable" gas at bargain prices and cheap coal, two fuels that have been important to many U.S. industries and whose low price and availability fostered higher energy use in the past. The importance of relatively higher prices for energy in Sweden as a major factor in its relative energy efficiency was emphasized in a series of studies by Carlsson (61) ; see also (16) , vol. 2, appendix 3. Both official Swedish government forecasts (16) and the views of individuals in industry (61-63) reflect the belief that Table 10 . Materials and energy consumption data for the United States and Sweden. Data are for 1970 and 1971; U.S. data are from (5, 7, 11, 24, 30a, 56, 59) , Swedish data from (7, 16, 23, 32, 33, 60) . Electricity was included (net) in EJ. The (56, 59) . Swedish losses are estimated from (31) and (33) . The last source gives a very low figure of 0.65 kwh/kg, but estimates based on the known flow of oil through refineries indicate 1.0 kwh/kg. We do not account for differences in refinery output mix.
§Pulp and paper values include the energy in wood wastes and liquors.
This amounts to 1000 kwh per capita for the United States (30a, 59), and about 4000 kwh per capita for Sweden (16, 21) . Sweden uses more wood waste for fuel per ton of output, and uses fewer external fuels as well. Swedish electricity was one-third cogenerated, and U.S. electricity about half that. "Values ofE for chemicals are difficult to obtain and to compare. Feedstocks used, including road oils, were converted to kilograms by using the approximate relation I kg (oil equivalent) = 11.63 kwh. Energy consumed by uranium enrichment in the United States is counted in industrial chemicals (57). optimization to counter ever-increasing fuel prices will further reduce specific energy requirements of Swedish industry toward the end of the century, as many have also predicted for the United States (3, 4, 56 Imports and exports of goods. Since imports and exports comprise an important part of economic activity it is important to evaluate the energy embodied in nonenergy trade, as well as the process energy embodied in refined fuels, such as gasoline. We consider direct energy to be that applied by the producer of a good or service, and indirect energy that required to produce the materials and services used by the producer. For the United States, Herendeen and Bullard (35) found that while nonenergy imports and exports contained equal amounts of energy, the imports of refined oil embodied more energy than exports of coal and refined oil products (excluding the heat of combustion of these fuels). A similar balance for Sweden was evaluated by the Energi Prognos Kommiteen (16 Fig. 4 , in which 0.8 Mwh per capita heat-only production is included. If the heat and electricity had been generated separately, about 1.3 Mwh per capita additional fuel would have been required if the heat was then produced in central plants, and about 1.5 Mwh per capita more if it was produced in smaller boilers. Only the half of the combined heat-electricity and heat-only systems that are in or near cities, to supply residential and commercial heat, are included in Fig. 4 Table 2 that was obtained by applying the U.S. heat rate to Swedish hydropower. An additional factor that should be taken into account when comparing electricity use is that, stimulated by the low ratio of the price of electricity to the price of fuel, Swedish industry tended to use electricity for a wider range of tasks. Had electricity been 85 percent thermally generated, as in the United States, it would have been more expensive, and therefore used more sparingly (66) .
Analysis of Differences in Energy Use; Conclusions
In Table 12 we show explicitly some important energy prices for Sweden and the United States. The largest price differences occur in road fuels, even before the higher taxes on automobiles in Sweden are considered. Electricity, on the other hand, has been relatively inexpensive (compared to fuel) in Sweden, because in the past a large share of electricity has been hydropower (66) . In 1971 electricity use in Sweden (7400 kwh per capita) was close to that in the United States (7700 kwh per capita), but more of this total was used in the industrial sector in Sweden and more in the residential and commercial sector in the United States. Other fuels in Sweden lie between these two extremes, being slightly more expensive in Sweden (before 1973) and used more efficiently there as well. Since the price of oil used for home heating in Sweden was comparable to U.S. values (until 1973) , the length of the heating season, as well as institutional factors mentioned above, must account for the efficient use of that fuel for space comfort. Significantly, Sweden had no natural gas or domestic coal, two fuels whose low prices certainly encouraged intensive use in the United States.
Higher energy prices alone, however, do not account for the more efficient energy use in Sweden. In this article and elsewhere (4) it has been stressed that, while a particular set of energy prices determines a mix of energy and other economic factors that allows production for the least cost, institutional and social factors determine how close individual consumers, firms, and society as a whole come to this most economic energy use. In the United States, for example, mortgage policies and market considerations constrain developers to minimize first costs, rather than life-cycle costs, constraints that do not appear to be applicable to construction in Sweden. Also, building codes have imposed energyconserving construction more uniformly in Sweden, and the Swedish govemment has given priority to energy conservation in housing loans (52) . Energy conservation in passenger transport in Sweden has also been strongly influenced by government policy, in this case mainly through the market mechanism, by various taxes and incentives. These factors also have important synergistic effects. Good intracity transport, and high costs of operating an automobile, tend to keep the population more concentrated. In addition to maintaining the viability of the public transport system itself, this situation also affects housing and living patterns in energy-saving ways. With increased population densities apartment living is more common, potentially effecting energy savings through fewer external walls, better insulation, and more efficient heating systems. Shopping also becomes easier, with more neighborhood stores; trips are shorter, often on foot; and smaller storage facilities are kwhe, as is done in U.S. accounting, results in a ratio of Swedish to U.S. energy consumption of 0.6, while using a one-to-one accounting results in a ratio of 0.5. The difference, although significant, does not account for the dramatically lower Swedish energy use.
5) The most important variable affecting energy use and energy efficiency is the relative price of energy with respect to other resources. However, institutional and social factors are also important.
6) It is necessary to consider individual energy intensities (Ej's) as well as levels of activity (Dj's) in order to understand energy uses and needs. Consideration of only total energy use (YTj) or the energy/GNP ratio (1, 28, 68) obscures dramatic differences in intensity (or efficiency) and economic structure. Similarly, forecasts of energy "needs" in which the aggregated quantities are used also overlook vital details and trends in the components of E and D, components that may be more or less sensitive to changes in energy prices.
Although we have seen that energy use in Sweden is generally more efficient than that in the United States, both countries can improve energy use effectiveness by optimizing to the higher energy prices that have developed since the period we examined. Our comparison indicates that many energy conservation measures are available to the United States, as energy prices continue to rise. The Swedish economy performs well as a (relatively) energy-efficient economy, suggesting that more efficient energy use will not interfere with the function of the American economy. While we hesitate to give an exact figure, we suggest that Swedish methods of energy conservation, including smaller cars, better structures, and more efficient use of process heat, would result in a savings of 30 percent of the total energy used in the United States (Fig. 5) . Thus, international energy use comparisons, far from suggesting an inevitable coupling between level of economic activity and energy use, actually suggest ways in which more well-being can be wrought from every Btu of fuel and kilowatt-hour of electricity consumed in a given country (69 
